Background: The prevalence of allergic diseases has remarkably increased in the last decades in tandem with the number of obese individuals. Results of studies on obesity and allergic diseases are controversial, and most of them are related to asthma and asthma-like symptoms. Objective: In our study, we evaluated the association of several obesity indices and the prevalence of allergic diseases, including bronchial asthma, allergic rhino-conjunctivitis, atopic dermatitis and food allergy. Design: Cross-sectional study.
Introduction
Obesity is an important health issue in most industrialized countries, and has been linked with several diseases including hypertension, dyslipidemia, diabetes, cardiovascular diseases and some forms of cancer. The increasing public health concern about obesity in the past few decades has coincided with a growing number of individuals being affected by allergic diseases, encompassing a high number of children experiencing difficulty at school and school absenteeism because of these diseases (Sakai et al, 2000) . Several studies have evaluated the association between obesity and allergy, mostly focused on asthma and asthmalike symptoms, with conflicting results. Schwartz et al (1990) reported that body mass index (BMI) was associated with wheeze but not asthma in a 6-month-to 11-y-old cohort from the US Second National Health and Nutrition Examination Survey (NHANES II). Huang et al (1999) reported an increased prevalence of atopy and rhinitis in the highest BMI quintile. Chinn and Rona (2001) observed no variation in the association between asthma and potential explanatory variables before and after BMI adjustment and concluded that the trends in overweight and obesity did not explain the increase in asthma. CastroRodriguez et al (2001) reported that girls who became overweight or obese between 6 and 11 y of age were more likely to develop new asthma symptoms, but no such association was observed in boys. In a 5-y longitudinal study, Gilliland et al (2003) reported that being overweight increased the risk of new-onset asthma in boys but not in girls.
While in most studies the definition of obesity lies on the measurement of BMI, the degree of so-defined obesity in most Asian countries is less than that among Caucasians (Deurenberg-Yap et al, 2000; Le Nguyen et al, 2003) . Asians have a tendency toward high body fat percentages even at normal BMI levels as determined by WHO (WHO Expert Committee on Physical Status: the Use and Interpretation of Anthropometry, 1995). To address this issue, we estimated BMI levels as well as percentage of body weight (%BF) using a bioelectrical impedance method (BIA), which showed good correlation with the dual X-ray absorptiometry (DXA) method in a similar population (Sung et al, 2001) .
We investigated the relationship between being overweight and allergic diseases, including bronchial asthma, rhino-conjunctivitis, atopic dermatitis and food allergy, in a population with a low rate of obesity and no extreme obesity. We considered not only BMI but also the %BF as explanatory variables.
Methodology

Study population
Study subjects were 12-to 17-y-old adolescents from Ho Chi Minh City. Six schools from three districts of Ho Chi Minh City were selected by stratified random sampling. Data collection were conducted by trained health personnel between October and November 2003. All participants were required to have written informed consent from their parents before being included in the study. Of 1200 listed students, 1185 students completed the study (98.8%). The study protocol was approved by the Ethics Committee of the Vietnamese Child Nutrition Center and the Committee of Human Research of The University of Tokushima.
Prevalence of allergy A written questionnaire modified from the International Study of Asthma and Allergies in Childhood (ISAAC) core questionnaire concerning symptoms of allergic diseases (wheezing and chest tightness, intense rash or eczema, running nose and/or eye itching) was given to all participants (The International Study of Asthma and Allergies in Childhood (ISAAC) Steering Committee, 1998), and questions regarding physician-diagnosed allergic diseases and type of allergy were added. Subjects were defined as having an allergy if an allergy diagnosed by a physician was reported. Subjects without physician-diagnosed allergy or allergic symptoms were included in the control group, while children without physician-diagnosed allergy but reporting allergic symptoms were not included in the analysis. Table 1 shows the characteristics of all three groups.
Other collected information Data on parental history of allergy, parental occupation, socioeconomic status, physical activity, current pet ownership, passive smoking, industrial emissions in the neighborhood and use of matting as flooring were collected as potential confounders. For parental occupation, those living apart from their child were categorized separately into a different group. Socioeconomic status was indirectly estimated using a 12-item method to assess household income, and included three categories: low (less than four items), middle (four to eight items) and high (over eight items) (General Statistical Office, 1999) .
Anthropometry
Body weight was measured to the nearest 0.1 kg with an electronic scale, with the subject dressed in light clothing. Height was measured to the nearest 0.5 cm with a wallmounted stadiometer. BMI, defined as the weight (kg) of the individual divided by the square of the height (m), was determined in all participants. Height, weight and BMI were expressed as z-scores with Epi Info 2000 (CDC, Atlanta) using NCHS-CDC 2000 growth charts as reference (Kuczmarski et al, 2002) . Children were defined as underweight if their BMI z-score was 42s.d. below the median of the reference data, and overweight if their BMI z-score was 42s.d. above the median of the reference data. %BF was measured with a foot-to-foot segment body impedance analyzer (BF-601, Tanita Co., Ltd, Japan).
Statistical analysis
Results were expressed as mean7standard deviation (s.d.) or otherwise stated. Differences between groups were estimated using analysis of variance (ANOVA) and Kruskal-Wallis test when nonparametric methods were needed. Pearson's w 2 test was used to assess gender differences for categorical variables. Primary explanatory variables in the analyses were BMI and %BF expressed as z-score values as specified above and treated as continuous variables. Bivariate logistic regression analysis was performed to evaluate the association between allergy and other variables. Variables that were statistically significant (Po0.05) were included in a new model to evaluate the association between allergy and anthropometric variables. Data processing and statistical analyses were conducted using the SPSS version 10.0 software package (SPSS Inc., Chicago).
Results
A total of 1185 (49.3% male) adolescents aged 12-to 17-y-old from six schools at three urban districts of Ho Chi Minh City participated in the study. The prevalence of physiciandiagnosed allergy was 19.3% (n ¼ 229), while 35.3% (n ¼ 418) had undiagnosed allergic symptoms, and 45.4% (n ¼ 538) were free of any physician-diagnosed allergy or allergic symptoms (hereafter 'control group'). The prevalence of allergy was as follows: 9.2% for food allergies (n ¼ 109), 2.5% for allergic rhinitis (n ¼ 30), 2.1% for atopic dermatitis (n ¼ 25), 1.5% for bronchial asthma (n ¼ 18) and 0.3% for allergic conjunctivitis (n ¼ 3); 4.6% did not specify the type of physician-diagnosed allergy and were included in the analysis for all allergies but not when stratified by type of allergy. Only nine adolescents reported more than one allergy, and no exclusion or adjustment was performed in logistic regression for any allergy due to too few cases with combined allergies. Parental history of allergy was reported by 16.1% of all respondents, although 8.7% did not answer this question and thus were treated in the analysis as missing values. Parental history of allergy was higher among girls than boys (18.9 vs 13.1%, P ¼ 0.010), and among allergic subjects (22.3%) compared with subjects with undiagnosed allergic symptoms (16.7%) and the control group (13.0%). In total, 9.0% of participants were underweight while 0.6% were overweight; and the prevalence of allergies tended to be higher among normal than underweight adolescents (19.9 vs 14.2%, P ¼ 0.080). More male than female adolescents had a high %BF, with a cutpoint of 425% for boys and 435% for girls (7.4 vs 2.0%); mean %BF was 16.375.6% in boys and 21.975.8% in girls. Table 1 provides general characteristics of the study sample. Results from the logistic regression analysis (Table 2) showed that the risk of allergy was higher in adolescents of high and middle socioeconomic status, those residing in neighborhoods with industrial dust emissions, and those with parental history of allergy. There was no significant association with gender, parental occupation, physical activity, current pet ownership, use of carpet as matting and passive smoking.
In unadjusted logistic regression (Table 3 ) allergy was associated with BMI (OR ¼ 1.16, 95% CI 1.01-1.34; P ¼ 0.036) and %BF (OR ¼ 1.03, 95% CI 1.01-1.06; P ¼ 0.013). However, adjustment for socioeconomic status, industrial dust emissions in the neighborhood and parental history of allergy reduced the strength of the association and only %BF remained significantly associated with an increased risk of allergy (OR ¼ 1.03, 95% CI 1.01-1.06; P ¼ 0.017) while the association with BMI bordered significance. When food allergy cases were excluded from the analysis, both BMI and %BF were significantly associated with allergy even after controlling for potential confounding variables (for BMI, OR ¼ 1.28, 95% CI 1.05-1.57; P ¼ 0.015; and for %BF, OR ¼ 1.05, 95% CI 1.01-1.08; P ¼ 0.007). This characteristic was not observed when other allergic diseases were excluded. After we accounted for sex differences in the effect on allergy, BMI and %BF showed a tendency towards a greater risk of allergy in girls but not boys. This tendency disappeared after controlling for potential confounders. However, %BF showed a borderline association with allergy in boys. When we restricted the analysis to those adolescents without food allergy, BMI showed a tendency towards a greater risk of allergy in girls but not in boys, while %BF showed a borderline association in boys and girls.
In order to have sufficient subjects for analysis, we assessed the effect of either BMI or %BF in the prevalence of bronchial asthma, allergic rhino-conjunctivitis, atopic dermatitis and food allergy for boys and girls combined (Table 4) . BMI and %BF were significantly associated with allergic rhino-conjunctivitis even after controlling for potential confounding variables. We did not find an association between BMI or %BF and other allergic diseases. When adolescents with food allergy and rhino-conjunctivitis were excluded from the analysis, we observed a significantly higher risk of allergy at 
Discussion
Our results suggest that being overweight increases the risk of allergy in Vietnamese school adolescents. This association was stronger for %BF than BMI, suggesting that adipose tissue may mediate this association. We observed significantly higher risk of allergic rhino-conjunctivitis at increasing BMI and %BF levels. Similar results were reported by Huang et al (1999) . In a sample of 2028 adolescent girls, they observed that BMI was associated with rhinitis symptoms and atopy. Even though we did not find an association between BMI or %BF and atopy, differences in the definition of atopy, based on skin-prick test for six allergens in their study, might have accounted for our lack of association. We observed no association between food allergy and nutritional status, and the exclusion of adolescents with food allergy from the analysis strengthened the association between obesity markers and allergy. This pattern was observed only with food allergy cases, and when asthma and allergic rhinoconjunctivitis were combined, we observed a significantly increased odds ratio at higher BMI and %BF levels. A larger population might be required to evaluate the effect of overweight in asthma and atopic dermatitis separately. Previous studies on overweight and allergy showed conflicting results (Somerville et al, 1984; Schwartz et al, 1990; Gold et al, 1993; Luder et al, 1998; Huang et al, 1999; CastroRodriguez et al, 2001; Chinn & Rona, 2001) . Among recent studies, the 5-y prospective Children's Health Study showed that overweight and obese boys, but not girls, were at a higher risk of new-onset asthma (Gilliland et al, 2003) ; Schachter et al (2003) found that BMI was positively associated with atopy, wheeze and cough but not airway obstruction and airway hyperresponsiveness in 7-to 12-y-old girls, while no association was observed in boys; Romieu et al (2004) reported that a higher BMI was associated with an increased risk of asthma and wheeze in 6-to 16-y-old children and adolescents from the US Third National Health and Nutrition Survey (NHANES III); and To et al (2004) found no association between BMI and asthma among 4-to 11-yold Canadian children. In this study, BMI showed a borderline association with allergy in girls while no association was observed in boys. However, %BF showed similar association in both gender groups. Even though BMI is a good indicator of body fat and most studies based the definition of overweight in BMI levels, there is some evidence that the Vietnamese population, under a continuous process of economic growth, have high %BF even at normal BMI levels (Le Nguyen et al, 2003) . To address this issue, we estimated BMI level as well as %BF using a BIA. Because of its good correlation with DXA and its acceptability among young subjects, relative simplicity and portability, BIA is a valuable instrument for epidemiological studies.
Several explanations have been proposed for the association between overweight and allergy. It was suggested that obesity might be a consequence of reduced physical activity after asthma diagnosis (Gennuso et al, 1998) . Even though a more sedentary lifestyle might be expected in severe asthma cases, we did not find significant differences in the frequency of physical activity between control and any allergic disease in our population. Moreover, recent prospective studies have reported an increased incidence of allergy in obese subjects (Camargo et al, 1999; Castro-Rodriguez et al, 2001) . A reduction in the respiratory tract due to local deposition of fatty tissue was also suggested, as well as an overdiagnosed asthma in obese subjects (Sin et al, 2002) . However, this is more likely to occur at extreme obesity levels and this argument cannot explain the association of obesity with other allergic diseases. Adipocyte-secreted hormones have recently gained support. Estrogen has been associated with increased interleukin (IL)-4 and IL-13 levels, needed for the production of immunoglobulin (Ig) E (Janeway, 2001 ). This hypothesis is in accordance with the strongest association observed in females, but cannot explain the association observed in males or before puberty (von Kries et al, 2001; Gilliland et al, 2003) . In our study, BMI showed a tendency towards higher risk of allergy in girls but not boys, but we observed no difference between boys and girls with %BF as indicator. There is also some evidence of an anti-inflammatory effect of isoflavones, a phytoestrogen with estrogenic activity that is processed in a manner similar to estradiol (Kuiper et al, 1998; Regal et al, 2000) .
An overproduction of cyclooxigenase 2 (COX-2) by adipose tissue was also proposed (Matarese, 2000; Varner, 2000; Farooqi et al, 2002 ). An increased COX-2 was observed in human adipose tissue as well as leptin-deficient obese mice, which may increase Th2 type cytokines via COX-2-dependent prostaglandin E-2 (PGE-2) and enhance allergic responses in predisposed obese subjects.
Lifestyle differences between obese and nonobese subjects have been also suggested. Obese subjects may spend more time indoors than nonobese counterparts, accounting for a greater exposure to indoor allergens (Camargo et al, 1999) . However, a significant association between overweight and asthma was observed even after adjusting for the number of hours watching television (Romieu et al, 2004) . Different dietary pattern in obese subjects, such as low intake of antioxidants and a high-calorie but nutritionally poor diet may also be implicated (Troisi et al, 1995; Camargo et al, 1999; Woods et al, 2003) . Although the dietary pattern has not been evaluated in the present study, we observed a significantly low intake of riboflavin in a previous study on Vietnamese children (Quyen et al, 2004) . A similar finding was reported by Heinrich et al (2001) . In the European Community Respiratory Health Survey (ECRHS), they found a tendency towards decreasing allergic sensitization with higher riboflavin intake (OR ¼ 0.72, CI: 0.50-1.05; P ¼ 0.077) and vitamin A (OR ¼ 0.73, CI: 0.52-1.02; P ¼ 0.057), and a positive association with fruit intakes (OR ¼ 0.68, CI: 0.49-0.95; P ¼ 0.035). The role of diet in the development of allergy has been largely evaluated along the last decades, and many vitamins and minerals have been tested. Even though it is likely that the diet of obese subjects lack in essential nutrients, there is still little evidence on the involved factors.
Skepticism remains due to concomitant trends in obesity and allergy (Wilson & Irwin, 1999) . The fact that this association is of recent concern suggests that unrecognized factors related to increasing body fat might be involved. However, several plausible confounders have been evaluated until present, and the association still remains.
The major limitation of our study is the lack of an objective measure to test the reported physician-diagnosed allergy. We based our study on physician-diagnosed allergies and subjects with symptoms of allergic diseases were identified to avoid possible undiagnosed cases in the control group. Although we believe that this procedure has strengthened our results, we might have excluded positive cases not diagnosed by a physician.
In summary, in this cross-sectional study being overweight was associated with allergy. When allergic diseases were individually evaluated, being overweight was associated with rhino-conjunctivitis but not with food allergy. When food allergy cases were excluded from the analysis, the association between being overweight and allergy was strengthened. We cannot exclude the possibility of an association of being overweight with asthma or atopic dermatitis from our study population.
